holds the promise of a paradigm change in the way signals are processed by coding the information into spin waves propagating in a magnetic medium. Nano-magnonics in particular aims at building a technological platform where lithographically defined devices are cascaded so to perform either digital computation, using spin wave interference as the computational scheme or on-chip analogue signal processing for radio-frequency applications.
Relevant technological devices will require low loss materials to allow for long propagation distances of spin waves. Recent developments [6] [7] [8] [9] in preparation of high-quality nanometer-thick films of the magnetic insulator Yttrium Iron Garnet (YIG) enabled significant advancements in the research field of magnonics. The unmatched small magnetic damping in this material allowed implementation of microscopic waveguiding structures exhibiting at least an order of magnitude larger propagation length of spin waves [10] [11] [12] [13] [14] in comparison with those based on metallic ferromagnets 3, 15 . Together with the recently demonstrated highly efficient controllability of spin waves in ultrathin YIG by the spin transfer torque [16] [17] [18] , the large spin-wave propagation length makes YIG one of the most promising materials for advanced nano-magnonic applications.
Similarly to photonic crystals in optics 19 , one of the important functional elements of magnonic circuits are the artificial magnonic crystals 2, [20] [21] [22] [23] [24] -spin-wave propagation media, where the characteristics of waves are tailored by using spatially periodic modulation of magnetic properties. The most efficient magnonic crystals demonstrated up to now have been based on micrometer-thick YIG films (see recent reviews [22, 24] range of frequencies. We also directly determine the frequency interval of the magnonic band gap caused by the spatial periodicity and study the variation of the spin-wave attenuation across the gap. Our results show a non-trivial frequency dependence of the spin-wave decay constant within the band gap with the maximum attenuation corresponding to its upper edge. We associate these behaviors with the peculiarities of the spin-wave reflection, which is generally more complex than the reflection of light in photonic systems due to the influence of the nonlocal magnetic dipole interaction. Fig. 1(a) ). Although this modulation is relatively weak, it causes a noticeable modification of the spin-wave dispersion between the wide and narrow segments. To illustrate this fact, we show in Fig. 1(b Fig. 1(b) ).
Spin waves in the magnonic waveguide are excited by using a 150 nm thick and 600 nm wide Au inductive antenna 29 . The space-resolved detection of the spin waves is performed using the micro-focus BLS technique 3 . The probing laser light with the wavelength of 473 nm and the power of 25 W is focused through the sample substrate onto the surface of the YIG film into a diffraction-limited spot ( Fig. 1(a) ). The light scattered from spin waves is analysed by a highcontrast Fabry-Perot interferometer. The resulting signal -the BLS intensity -is proportional to the intensity of spin waves at the location of the probing spot. To additionally detect the phase of spin waves, we analyse the phase of the scattered light by using its interference with a reference light of the same frequency 30, 31 . In contrast, the spin wave with = 2 m exhibits a much larger decay length. By plotting the propagation-coordinate dependence of the BLS intensity ( Fig. 2(b) ) and fitting the data by the exponential function (note log-linear scale), we determine the spin-wave decay constant (imaginary part of the wavevector)
k´´. The real part of the wavevector, k´, is found from the Fourier analysis of the phase maps (see Fig. 2(c) ) recorded simultaneously with the intensity maps by using the phase-resolved BLS technique 30, 31 . The phase maps reflect the spatial dependence of cos(), where is the phase accumulated by the spin wave during its propagation from the antenna to the detection point. periodic systems with finite losses, the wave propagation is allowed within the band gap frequency range. In the latter case (see, e.g., 32, 33), the periodicity reveals itself in a degeneracy of the real part of the wavevector k´ k B within the band gap, consistent with the data of Fig.   3(a) . Additionally, the imaginary part of the wavevector k´´ is expected to abruptly increase in the band gap frequency range. The latter fact is illustrated in Fig. 3(b) , which shows the measured dependence k´´(f) (symbols) together with the reference dependence (solid curve) calculated for the straight waveguide using the Gilbert damping parameter = 3.4×10 -4 . Indeed, the data of Fig. 3 (b) confirm a strong increase of k´´. However, contrarily to the simplified physical picture, the maximum of k´´ is not located at the center of the band gap, but is clearly shifted toward its upper frequency edge. The change in k´´ translates as almost a factor 4 decrease in the propagation length on a frequency span of about 15 MHz.
To clarify the observed behaviours, we perform high-frequency-resolution BLS measurements at frequencies of the magnonic band gap. The obtained dispersion curve shown in Fig. 4 (a) allows precise identification of the band gap edges, where the f(k´) dependence exhibits pronounced kinks. To analyse the peculiarities of the spin-wave propagation, we plot in Fig. 4(b) the color-coded spin-wave intensity versus the frequency and the propagation coordinate x. In this figure, one can see the modification of the x-profiles and of the spatial attenuation of standing spin waves with the variation of their frequency. In agreement with the data discussed above, the data of Fig. 4(b) show the strongest spin-wave decay at the upper frequency edge of the bandgap f 2 , while the wave at the lower edge f 1 propagates to noticeably larger distances.
From Fig. 4(b) , one also sees that the positons of the maxima and minima of the standing wave change in space, when the frequency varies between f 1 and f 2 . This fact is further illustrated in Fig. 4(c) showing the standing-wave profiles recorded at f 1 and f 2 . As seen from these data, at the frequency f 1 , the maxima of the standing wave are aligned with the left edges of the wide segments of the magnonic-crystal waveguide (shown by shaded areas). When the frequency is increased toward the upper edge f 2 , the standing wave shifts by 0.5 m and its maxima align with the right edges of the wide segments. This shift is accompanied by a strong increase in the spatial decay.
We would like to emphasize, that the spatial shift of the standing wave is also known for photonic crystals in optics 19 . However, in optical systems, it is not accompanied by the variation of the imaginary part of the wavevector, which typically maximizes at the frequency corresponding to the center of the band gap. The peculiar behavior observed for the magnonic crystal can be associated with the difference in the magnitude of the reflection coefficient for spin-wave reflection from the left and the right edges of the wide segments of the modulatedwidth waveguide. Indeed, in optical systems, the magnitude of the reflection coefficient is simply determined by the ratio between the refraction indexes of the layers constituting the periodic system. In contrast, the reflection characteristics of spin waves in non-uniform static field potentials differ strongly depending on whether the wave enters the region of larger or smaller fields 34 . This difference can be responsible for the asymmetric increase of the spatial decay at the upper edge of the magnonic band gap.
In conclusion, we have demonstrated a microscopic magnonic crystal based on ultra-thin YIG films suitable for implementation of nano-scale magnonic circuits with small dissipation losses. Our results clearly indicate a formation of the band gap in the studied system and show that behaviors of magnonic systems can differ significantly from those known in optics. Our observations should stimulate further experimental and theoretical research in the field of magnonic crystals and bring it closer to the real-world applications.
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